The ceaseless progress of nanotechnology, observed in the last years, causes that nanomaterials are more and more often applied in several fields of industry, technique and medicine. E.g. silver nanoparticles are used in biomedicine for disinfection and polymer nanoparticles allow insulin transportation in pharmacology. New generation materials containing nanoparticles are also used in the chemical industry (their participation in the commercial market equals app. 53 %). Nanomaterials are used in electronics, among others for semiconductors production (e.g. for producing nanoink Ag, which conducts electric current). Nanomaterials, due to their special properties, are also used in the foundry industry in metallurgy (e.g. metal alloys with nanocrystalline precipitates), as well as in investment casting and in moulding and core sand technologies. Nanoparticles and containing them composites are applied in several technologies including foundry practice, automotive industry, medicine, dentistry etc. it is expected that their role and market share will be successively growing.
Introduction
Current trends of production technologies are focused on producing new, improved materials of unusual properties together with the development of their production technologies. It is possible due to an intensive development of such fields as material engineering or nanotechnology, which allow to design and produce structures of determined functions and properties by changing e.g. their shape or size. A close cooperation of scientists forming interdisciplinary teams contributed to the development of the new generation materials containing nanoparticles such as, among others: hybrid materials or nanocomposites. Hybrid materials are popularly described as materials being homogeneous mixtures of organic and inorganic components of dimensions below 1 μm [1] . The new generation materials, including hybrid materials, can be produced by in-situ ( Fig.1 ) and ex-situ (Fig.2 ) methods. [2] In accordance with the recommendation of the International Union of Pure and Applied Chemistry -IUPAC. We define the materials as follows [1]: a) "Composite: multicomponent material comprising multiple, different (non-gaseous) phase domains in which at least one type of phase domain is a continuous phase. A foamed substance, which is a multiphase material that consists of a gas dispersed in a liquid or solid, is not normally considered to be a composite." b)"Nanocomposite: composite in which at least one of the phase domains has at least one dimension of the order of nanometres." c) "Hybrid material: material composed of an intimate mixture of inorganic components, organic components, or both types of component. The components usually interpenetrate on scales of less than 1 μm." -chemically bonded hybrid (material): hybrid material in which the different components are bonded to each other by covalent or partially covalent bonds." d)"Clay hybrid: polymer-clay hybrid, polymer-clay composite Organic-inorganic composite material in which one of the components is a clay, the particles of which are dispersed in a polymer." e)"Hybrid polymer: polymer or polymer network comprised of inorganic and organic components." [1] .
A continuous development of production techniques of new materials is the reason that these new materials have usually more than one function. Therefore it is difficult to assign them to the explicit classification. The example of the materials classification is shown in Figure 3 to M. Nanko [3] According to the author of paper [3] hybrid materials can be divided into structurally hybridised (formed by mixing of components up to obtaining a homogenous mixture due to chemical bonding) and functionally hybridised (i.e. materials of new functions). The quoted above definitions and descriptions concerning the 'new generation' materials indicate that a wide range of products is illustrated by this name: hybrid materials, nanocomposites and -in some cases -microcomposites [4, 5] .
Selected aspects of the nanomaterials application in foundry engineering
The ceaseless progress of nanotechnology, observed in the last years, causes that nanomaterials are more and more often applied in several fields of industry, technique and medicine. E.g. silver nanoparticles are used in biomedicine for disinfection and polymer nanoparticles allow insulin transportation in pharmacology. New generation materials containing nanoparticles are also used in the chemical industry (their participation in the commercial market equals app. 53 %). Nanomaterials are used in electronics, among others for semiconductors production (e.g. for producing nanoink Ag, which conducts electric current) [6] . Nanomaterials, due to their special properties, are also used in the foundry industry in metallurgy (e.g. metal alloys with nanocrystalline precipitates), as well as in the moulding and core sand technologies [7] .
Investment casting
Castings obtained by means of the investment casting technology are applied in several industry fields, e.g. power, automotive, aircraft industry: in aircraft engines, aircraft supporting structures, gas turbines (blades) as well as in arts (decorative castings). In medicine such castings are applied as endoprosthesis: e.g. artificial limbs, replacement hips, as elements joining broken bones (implants), as surgery tools etc. Castings are also used in dentistry as elements of bridges, crowns, implants etc.
a) Liquid ceramic moulding sand with colloidal silica
The ceramic moulding sands used in the investment casting technology for the ceramic moulds production (for castings of complicated shapes and a high dimensional accuracy), apart from the solid phase (usually aluminium oxide), contain -as a bindernanoparticles of colloidal silica ( Fig.4) . A liquid ceramic moulding sand, used in the production process, is a certain composite with nanoparticles of colloidal silica. 
Moulding sands technology
Nanocomposites: sodium silicate modified by nanoparticles Sodium silicate is a cheap, easily available and not toxic, material binding mineral matrices. Due to that, moulding sands with sodium silicate fit well into the EU recommendations concerning the environment protection in the foundry industry (limiting, among others, harmful substances emission). A negative side of these sands is their knocking out property worse than of sands with organic binders, a weak reclamation ability and also a high price of ester hardener used in the Floster S technology, small resistance to atmospheric conditions. Therefore investigations concerning sodium silicate modification by nanoparticles of metal oxides were performed in study [11] . Nanoparticles of metal oxides such as: MgO, ZnO and Al 2 O 3 in organic solvents: methanol, ethanol and propanol, were applied in tests. As the result of the modification performed by means of nanoparticles of the mentioned metal oxides solutions the nanocomposites: sodium silicate /metal oxides nanoparticles, were obtained. These nanocomposites (Fig.6 ) had physical and chemical properties as well as structural ones different than sodium silicate before its modification. Fig. 6 . Nanocomposite of the type: sodium silicate /metal oxides nanoparticles It was shown by investigations [11] , that the modification increases the quartz matrix wettability by a binder and -in consequence -improves strength properties of the hardened moulding sand. Good wettability causes formation of 'not coating' connections within a sand (Fig.7) , where a thin film of nanocomposite binder (sodium silicate -MgO nanoparticles in propanol) flows down to contact points of mineral matrix grains. Fig. 7 . Bridge joining the mineral matrix. 'Not coating' connection: binder/nanocomposite of the type: sodium silicate -MgO nanoparticles in propanol [11] The cohesion strength σ K of the modified sodium silicate was exponentially changing in dependence of the binder layer thickness [11] . Moulding sands with nanocomposite binders were characterised by increased strength properties at lower binder amounts (strength increase of sands with the modified sodium silicate depends on the kind of solvent applied ( Table 1) ) and by better knocking out property than sands with not modified sodium silicate. The best results were achieved when the binder was modified by 5 mass% of colloidal solution of MgO nanoparticles in propanol. The obtained knocking out property improvement equalled approximately 50 % as compared with the sand knocking out property when not modified sodium silicate was used [11] .
Table1. Selected results of tensile strength R m u of moulding sands with modified sodium silicate (after 24 h of hardening) [11] MgO nanoparticles, fraction of the modifier solution in a binder: 5 mass %.
Organic solvent/ Tensile strength Rm u [MPa] Methanol
Ethano l Propano l 1.60 1.27 1.72 Very essential is also the fact, that apart from the technological aspects, nanocomposite: sodium silicate /nanoparticles (group of inorganic binders) satisfies also the EU requirements concerning the environment protection. There is a high probability that the presented innovatory solution will be broadly applied in the foundry industry in the future.
Selected aspects in metallurgy
Nanocrystalline structures in alloys and metals improves -to a high degree -their functional properties. Therefore nanocrystalline materials belong to the group of materials, which are finding application as structural elements of the required high resistance to abrasion, impact toughness, strength, etc. They are usually used as machine elements in the mining, metal-forming, military, building industry, etc. Studies presented in [12] , concerning ultrahigh strong steels of a nanocrystalline structure indicate that, out of the Fe-based structural steels and alloys, maraging steels are characterised by the highest yield point value (Fig.8) .
Modern nanocrystalline materials, such as e.g.: Ni-Al alloys, AlSi25 alloys containing nanophases of the type: S-Al 2 CuMg and S'-Al 2 CuMg of dimensions app. 50 nm, or composites: Ti/SiC f reinforced by TiB 2 nanoparticles of a diameter 3 nm, are produced in liquid-phase metallurgy [13] . Structural investigations of silumines modified by sodium (Na) and strontium (Sr) confirmed the presence of silica nanoparticles in a fibrous or flake form. In bearing alloys e.g. Cu-Pb, as the result of fast under-cooling, the structure refinement occurs and the uniformly situated lead nanoparticles (Pb) of dimensions 5-20 nm in aluminium matrix appear. Nanocrystalline materials are also applied in modifications of aluminium alloys. The properly selected new generation modifiers are extremely efficient in the microstructure refinement of aluminium alloys [11, 13] . 
Protective coatings (self-cleaning, anticorrosive)
Protective coatings with hybrid materials, apart from their basic protective tasks, are gaining new functions, e.g. ability for self-cleaning. Such coatings with nanomaterials are effectively applied in the automotive industry [14] e.g. on metal surfaces, aluminium wheel rims, etc. A thin coating film forming hydrophobic surface warrants practically total non-wettability by water, lubricants or various oils. Due to that, the effect of material self-cleaning is obtained since all contaminations are freely flowing down.
Summary
Specific properties of the new generation materials, including hybrid, cause that there is a possibility of designing their properties accurately (in the nano scale and sometimes even at the molecular level). Connection of conventional materials with nanoparticles is the reason that a wide range of new materials, which properties strongly depend on applied components and synthesis methods, is available [4] . Nanoparticles and containing them composites are applied in several technologies including foundry practice, automotive industry, medicine, dentistry etc. it is expected that their role and market share will be successively growing.
